Tund Pher Sl ey Mo 420 Chaptler 7 167
Faper prosented o Sifoes Cartide and Melared Matenwls PUWS Conf o K woin, deman
[ TG (O Pabdichang L

A variable potential porous silicon carbide
hydrocarbon gas sensor

V B Shields, M A Ryan and B M Williams

Jet Propalsion Laborsory, Califomea [nstinse of Technodopy, 4800 Ok Grove Dave, M5 303
A, Pasadens, California, USA 91109

MG Spencer, D M Collins and D Zhang

Maerials Science Rescarch Cemer of Excellence, School of Engineering, Howard Universily,
Washington, T, TI5A 2RSS

Abstract. A sensor which is capable of detectng hydrocarbons and
distinguishing among them ai temperammres in the range 100 - 400°C has been
construcied using hexagonal (6H) silicon carbide (S1C). The sensor was ested in
pure methane and pure propene and 1n 0.5% concentrations of these hydrocarbon
ghses in argon. The operation of the sensor is based on adsorption and reaction
of hydrocarbons in a layer of porous 5iC that has been photoelectrochemically
etched in the surface. Experimental data show that it is possible 1© detect the
presence of and identify the two hydrocarbon gases in pure gas streams and in
lower concentrations of these gases. In principal, it is possible to distinguish
pmong gases in @ mixed stream.  The ability o detect hydrocarbons and
discriminate among them has applications in monitoring gutomobile emissions as
well a5 monitoring functions in yarious process industries,

1. Introduction

Semiconductor based sensors such as those made from Sn0, are well known, and are capable
of detecting oxygen containing compounds such as CO and COy as well as hydrogen
contsining compounds such as NH, and H, [1]. Such sensors are also able w deect
hydrocarbon compouands, but are not able w distinguish among them.  Recent developments
in silicon carbide materinl growth technology make it possible to construct sensors using 5i1C
a5 the electronic material as well as the active material in a gas sensor. The im e of §iC
is based upon its ruggedness and durability, as well as its potental for use at high emperature
(much greater than 300°C) and power levels. In addition, SiC has excellent elecurical and
thermal characteristics.

A capacitor-type sensor based on a catalytc surface attached 1o a 5iC substrate has
been constructed and tested by Arbab, er af. [2]. That sensor was able to detect the presence
of several hydrocarbons in pure strearmns or in low concentrations in air by measuring the
potential at a fixed capacitance. It requires high emperatures (= SMPC) for catalysis, and it is
not clear that the sensor is able to distinguish among hydrocarbon compounds in the gas
SPeam.

The: sensor to be discussed in this paper is based on dissoclaton of hydrocarbons in a
layer of porous SiC. The use of silicon carbide allows the gas sensor to function at the high
temperatures typically found in auemotive exhaust sreams. While the mechanism of
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operation has not yer been adequately studied, the basis of operatdon of this senser is thar
gases will dissociae at a charcienstic potential on or in the active layer when the potentiil
across the analyzing layer, porous silicon carbide, is varied. Carbon-hydrogen bonds in gas
molecules adsorbed on the surface or on the walls of the pores are broken selectively by
varying the applied field across this layer, This sensor may be built either as 2 field effect
wransistor (FET), in which ionic buildup ar the insulation layer results in a variable depletion
region below the gate, or as a capacitor. Early results indicate that diffesent weight
hydrocarbons will dissociae o different potentials, thus making it possible to identily the
hydrocarbons. Gas concentrations are determined by reading the magnitude of current flow
across the device, in the capacitor configuration, and through the channel, in the FET

configuraton.

2. Experimental setup

A prototype sensor composed of a porous SiC layer photoelectrochemically etched in an o
type 6H-SIC wafer [3] (sex inset in Fig. 1) has been fabricated and tested. The sensor
structure is configured as a simple vertical construction of 6H-51C with porous 5iC as an
active layer, A chromium grid was evaporaied on the porous layer to provide an equipotential
comact and & path for the diffusion of gas ino the sensor; a mckel contact was deposited on

B methane
@ propenc

;

Relative Current {mA)
=
a1l i I LA i

b
=
Illlllll.l.

s

-lllll|:u!ll!ll.1:||||||IIILI--

-f 4 -2 0 2 & 6 8
Applied Potential (volts)

o

Figure 1. Current differences between methane and propens al 22300C,
normalized 1o the argon reponse.

the unetched side of the 5iC wafer. The sensor was placed inside a one meter long, 38 cm
diameter quanz tehe and mounted on an alummisa heat spreader. A thermocouple was placed
inside the alumina heat spreader directly below the sensor to measure the operational
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emnperamre.  Gases were introduced imto the tube &t & rate of abour 50 1w 100 sccm.
Experiments show the sensor's ahility o distinguish among flows of an inert gas (Ar), and
Mows of pure hydrocarbons, methane and propene. Experiments in streams of the pure gases
showed non-linear, reproducible differences in current-voltage curves, run from -7 w0 7 V
across the device, Figure | shows a plot of corment vs. potental (1Y) of pure methane and
pufe propenc, o ized to the argon response, thus eliminating resistive effects in the
current-voltage curves,

The i% curves taken in pure hydrocarbon gas and in (0L.5% hydrocarbon in argon show
thitt the magnitude of the iV response is proportional to the gas concentration. The non-linear
nature of the 'V curve will make it possible © discriminate among hydrocarbons as well as o
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Fipure 2. Second dervative of the cumrent responses for methane and
propene at 223°C, normalized 1o the argon response,

measure concentration, Identfication of hydrocarbons can be accomplished by analysiz of the
iV curves. Figure 2 shows the sccond derivarive (d'i/dVv®) of the normalized iV curves in
Figure 1. d"ydV® represents the change in conductance (di/dV) with changing potential.
Dervvatives were taken from a corve Atted to the data, as shovan in Figure 1. The potentials of
the minima in (he secomd derivatives, shown in Figure 2, are characteristic of & pasticular
hydrocarbon, and may be used to identify the compound. The magnitudes may be used o
determine concentration. It 15 the identfication of these charscterstic minima which wall make
it possible 1o identify components of a mixed gas sream,

Jd. Conclusion

The porous S1C/SIC sensor described here offers the possibiliy of identifying hydrocarbons
in @ mixed gas stream on a single sensor. The sensor can operate at iemperatures as low as
2000C, and will operate at higher temperatures (=500°C). Fumther work is mequired to
understand the mechanism of operation of this device, although the identification of a
characteristic potental for iV response indicates dissociation of the gas molecule. Early resulis
have shown characteristic responses of pure sireams of argon, methane and propenz.  The
same characteristic potentials of @*YdV? minima were seen for pure propene and (L3% propene
in argon. Such a hydmocarbon gas sensor offers the abality 10 continuously monitor various
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concentrations of hydrocarbon guses in a wide range of thermal environments. The relutively
low temperature at which the responses where measured along with the lack of use of catalytic
materials in the fabrication offer the potential of a low cost sensor design,
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